extent to which these and other diagnostic tests are performed on patients with chronic uveitis. The benefits of more invasive tests for sarcoidosis, such as tissue biopsy and isotope scanning, must be set against their cost and danger to patients. There remains no cure for sarcoidosis and treatment for extraocular disease is usually restricted to those patients with relevant symptoms. Knowledge of the prevalence and likely site of symptomatic sarcoidosis in patients with uveitis is therefore needed to guide the appropriate use of invasive testing in these patients. Sarcoid uveitis is a major cause of visual loss in North European patients with uveitis 1 and early identification of those patients with a poor prognosis may help to reduce their long-term visual loss. The majority of studies on the outcome of sarcoid uveitis have examined patients known to have pulmonary sarcoidosis?-4 There are many patients with uveitis that is clinically identical to that associated with biopsy-proven pulmonary sarcoidosis but in whom a definitive diagnosis has not been established. Sarcoidosis is commonly defined as a multi-system disorder and disease confined to the eye should strictly, therefore, be excluded from this definition. It is not currently known whether the uveitis associated with pulmonary sarcoidosis has a similar course to the uveitis associated with other forms of the disease.
We therefore wished to determine whether the distinction between patients with definite pulmonary sarcoidosis and other less well defined forms of the disease is clinically relevant to the long-term management and ocular prognosis of patients with uveitis. In this study we examined the long-term course of patients with confirmed and presumed sarcoid uveitis and evaluated the risk factors associated with a poor prognosis. In particular, we examined whether the prognosis for patients with no clinical evidence of extraocular sarcoid at the onset of their uveitis was any different from those with symptomatic pulmonary disease, and also determined which organ systems were most likely to develop disease after the onset of uveitis.
All patients with uveitis and evidence of sarcoidosis who attended the Medical Eye Unit, St Thomas' Hospital, London, and The Prince Charles Eye Unit, Windsor, from 1991 to 1994 were included in the study. The former is a tertiary referral centre for inflammatory eye disease and the latter is a general district ophthalmic unit. The time from the onset of uveitis to the last outpatient visit varied from 1 to 48 years. There was considerable variation in the nature and timing of the investigations performed to confirm the diagnosis as these depended on both the nature of the clinical presentation and the year of onset. The minimum evidence of sarcoidosis required for inclusion into the study was any of the following: an otherwise unexplained raised sACE level, bilateral hilar lymphadenopathy on chest radiograph or a positive Kveim test. All patients had chest radiographs and sACE measurement.
The patients consisted of three groups. The first was those with clinical and radiological evidence of pulmonary sarcoidosis within the first year of the onset of uveitis. The secondary included those with clinical or biopsy evidence of extraocular sarcoidosis within 1 year of the onset of uveitis but no clinical or radiological evidence of pulmonary disease. The third group comprised those patients with uveitis compatible with sarcoid uveitis, and no clinical or radiological evidence of extraocular sarcoidosis at the onset of uveitis, who had an otherwise unexplained rise in sACE and/or a positive Kveim test.
Methods and statistical analysis
Demographic and clinical variables at the onset of uveitis were correlated with several outcome measures. The baseline variables included sex, race and age as well as the type of organ involvement at the onset of uveitis (as defined above). Outcome variables included visual acuity, raised intraocular pressure requiring treatment, any intraocular surgery, new symptomatic sarcoidosis in an organ uninvolved at baseline, the use of systemic steroids to control intraocular inflammation and the use of an immunosuppressant in addition to, or instead of, oral steroids.
Permanent changes in visual acuity were grouped into four exclusive, ranked levels: 1 (mild unilateral), 6/12-6/24 in one eye only; 2 (severe unilateral), 6/36 or worse in one eye only; 3 (mild bilateral), 6/12-6/24 in both eyes; and 4 (severe bilateral), 6/36 or worse in both eyes. Normal acuity was defined as better than 6/12 in each eye. Temporary changes in acuity were excluded. A drop in acuity was defined as permanent if it had not improved with 1 year of follow-up and reversible causes such as treatable macular oedema or cataract had been excluded. Systemic steroids were used conventionally for the treatment of posterior uveitis, i.e. for control of persistent posterior segment inflammation reducing the visual acuity to 6/12 or less. Other immunosuppressants were used as steroid-sparing agents or, rarely, to replace steroids when they produced unacceptable side-effects. Additional immunosuppressants were used neither routinely with steroids nor as primary monotherapy. In all analyses individual patients were used as cases and not individual eyes. The outcome of uveitis was rarely symmetrical and we therefore included categories of visual loss with both symmetrical and asymmetrical visual loss in order to maximise the power of the analysis. Initial analysis compared the demographic and clinical variables between the two hospitals. Further analysis aggregated the two populations. The main outcome measure of visual acuity was correlated with the baseline variables and the other outcome measures using chi-squared tests. The relationship between baseline variables and the various outcome measures was then analysed by Kaplan-Meier statistics.
Results

Demographic and baseline characteristics
Seventy-five patients were studied. There were 41 females (55%). Sixty were white and 15 (20%) were not, comprising 10 Asians, 4 Afro-Caribbeans and one Oriental. The median age at the onset of uveitis was 36 years (range 10-86 years) and 41 (55%) were over 40 years old. The median follow-up time was 4 years (range 1-48 years): 37 were followed for 1-3 years, 15 were followed for 4-6 years, 11 were followed for 7-12 years and 12 were followed for 13-48 years. Thirty-five (47%) patients had extraocular sarcoid at the onset of uveitis; these included 24 (35%) with pulmonary sarcoid and 11 (12%) with extrapulmonary disease only. Sixteen patients had more than one organ system involved ( Table 1) .
Thirty-eight patients required both systemic and topical treatment. Five had systemic treatment only, 33 had topical treatment only and 4 had had no treatment for uveitis by the time of their last follow-up visit. The median time that patients were given topical treatment was 2 years (range 1-29 years); the median time on systemic treatment was also 2 years (range 1-10 years). Fifty-one patients were from St Thomas' Hospital and 24 from Windsor. They were similar in age, sex and race but patients from St Thomas' Hospital were more likely to have extraocular sarcoidosis at the onset of the uveitis (31/51, 60%) compared with patients from Windsor (4/24, 17%; p = 0.003). Patients at St Thomas' Hospital included tertiary referrals for complications of systemic sarcoidosis and therefore have a greater frequency of patients with extraocular disease.
Analysis of outcome
The last recorded visual acuity was reduced to 6/36 or less in both eyes in 3 patients (4%), 6/12 or less in both eyes in 7 (9%), 6/36 or less in one eye only in 9 patients (12%), and 6/12 or less, in one eye only, in 8 (11%). After 10 years, 54% of patients retained normal acuity and 4.6% had severe bilateral visual loss (Fig. 1) . Thirty-eight (51%) patients required oral steroids; 8 (11%) also required a second immunosuppressive agent. Five patients had azathioprine, one had cyclophosphamide, one had cyclosporin, and one had both azathioprine and cyclosporin A.
Sixteen patients (21%) required ocular surgery. The procedures included 13 cataract extractions, three trabeculectomies, one retinal detachment and one vitrectomy and membrane peel. The mean time after the onset of uveitis for cataract extraction was 8.2 years (range 1-28 years). Ten patients (13%) developed significantly raised intraocular pressure requiring medical treatment, but only 3 required trabeculectomy.
Symptomatic spread of sarcoidosis occurred in 13 patients. The organ systems involved included the central nervous system in 8 patients (3 optic neuropathy, 3 cord lesions, 1 hemiplegia, 1 cranial nerve palsy), the skin in 2 patients, and individual patiens with lung, joint, spleen and lymph node involvement. Neurological involvement occurred a mean of 8 years (range 1-16 years) after the onset of uveitis. Optic neuropathy included episodes of presumed sarcoid neuropathy distinct from papillitis or persistent disc oedema associated with posterior uveitis.
There were no significant differences in the levels of between outcome variables were to be expected. There Table 2 . The frequency of ocular hypertension, ocular surgery and the use of oral steroids in those with normal acuity and those with at least mild unilateral visual loss Acuity> 6/12 both eyes Acuity � 6/12 in at least one eye was no association between final visual acuity and the use of second-line immunosuppression or spread of disease.
Relation between baseline variables and outcome
Bilateral visual loss was associated with later onset of uveitis. In patients under the age of 40 years, 2 of 46 (4%) lost vision to less than 6/12 in both eyes compared with 8 of 29 (28%) of those whose uveitis started after this age (p = 0.004). There was no significant association of age with the two categories of unilateral visual loss. Spread of sarcoidosis was marginally more common in younger patients, with 11 of 35 (31%) under 40 years developing new disease compared with 2 of 27 (7%) older patients (p = 0.06). There was no relation between any outcome variables with sex, race or the pattern of organ involvement at the onset of uveitis. Mean visual acuity declined steadily over the follow .. up period (Fig. 1) . The rate of irreversible visual loss was similar for the first three levels of visual acuity, with 2.8% of patients suffering further visual loss each year. Severe bilateral visual loss was rare and only developed in the first 5 years. The rate of lesser levels of visual loss did not appear to decrease with time. The rate of mild bilateral visual loss was significantly greater in those whose uveitis began after 40 years of age (p = 0.001). After 15 years, 60% of older patients had lost acuity compared with 20% of younger patients (Fig. 2) . Fifteen per cent of patients required surgery after 5 years and 39% after 15 years; 8% developed ocular hypertension after 5 years and 19% after 15 years. There did not appear to be any diminution of risk over time (Table 3) .
Oral steroids were initiated in 49% after 5 years and 84% after 15 years. Additional immunosuppression was required in 10% at 5 years and 19% at 15 years (Fig. 3) . The risk of requiring systemic steroids appeared to decline after 12 years, and the risk of requiring additional immunosuppression appeared to decline after 9 years. Further spread of sarcoidosis occurred in 15% after 5 years and 32% after 15 years. There was a trend for younger patients to be more likely to develop spread of disease ( Fig. 4 ; p = 0.09). There was no significant correlation of the baseline variables with the risk of ocular surgery, ocular hypertension, oral steroids or additional immunosuppression.
Discussion
Sarcoidosis is difficult to diagnose and the majority of those with evidence of disease at post-mortem have not been previously diagnosed.5, 6 Any study of sarcoid uveitis is hampered by the impossibility of achieving a certain diagnosis, particularly where ocular disease is present on its own, where there is a lack of universally recognised diagnostic criteria and where wide variations in the sensitivity of the diagnostic tests available exist. It was not our purpose to investigate the efficacy of our diagnostic methods, but to describe the clinical problems that arise in these patients and thereby clarify the role of invasive diagnostic tests. The prevalence of sarcoidosis in large European series of uveitis patients is 2-6%?-9 Epidemiological surveys do not usually submit all uveitis patients to a strict protocol of tests to rigorously exclude sarcoidosis, and surveys where the diagnostic criteria are more stringent suggests that the true rate may be higher.1O-12 Even after invasive studies, there remain a significant number of patients with uveitis and serological changes compatible with sarcoidosis but no clinical or histological confirmation of extraocular disease.ll,13 Baarsma et al.,13 in an unselected population of uveitis patients, found sarcoidosis in 5% and a further 4% with an unexplained increase in sACE. Nordentoft and Moller1o found sarcoid granulomas in 14 of 43 (33%) cases of idiopathic bilateral uveitis that underwent mediastinal lymph node biopsy. Weinreb and KimuraI2 found 12 of 27 (44%) of patients with granulomatous uveitis had a raised sACE level but no evidence of systemic sarcoidosis. Ohara et al.ll performed transbronchial biopsy on 60 uveitis patients with no hilar lymphadenopathy and 'sparse supportive evidence' for sarcoidosis and found 62% had lung granulomas. Serum ACE levels were abnormal in 42% of those with a positive lung biopsy and also in a further 19% of those with a normal chest radiograph and negative biopsy.ll These studies suggest that the true prevalence of uveitis due to sarcoidosis is likely to be 2 or 3 times higher than that uncovered by pulmonary radiographic screening. In this study we employed wider inclusion criteria and could find no significant differences between the outcome of those patients with proven pulmonary disease and those with disease in other organs, or in those with less-defined disease. This confirms the finding of Stavrou et al.14 who found no difference in the clinical characteristics or outcome between those patients with a raised sACE and unsuspected extraocular disease (at onset) and those patients who had biopsy-proven extraocular sarcoidosis.
Uveitis and sarcoidosis may be short-lived when it accompanies the acute early symptoms of fever, rash and arthralgia, but most reports emphasise the frequency of chronic disease persisting for several years. Karma et aZ,z found 8 of 21 had a monophasic disease but it was not clear whether the visual outcome in these cases was universally benign. Dana et al. 15 found only 9% with acute disease and the mean time of active disease was 35 months. Our study suggests that with sufficient follow up only a minority of patients have a benign ocular outcome in the long term. Although over half the patients retained normal acuity at their last follow-up, the survival analysis suggests that visual loss will occur in 70% of patients and over 80% will eventually require systemic steroids to control their disease. The frequency of oral steroids used in our study compares very closely with other reports; Karma found 66% needed steroids with a follow-up of 9 years, Ohara found that 51% needed oral steroids with a mean follow-up of 4 years, and Dana found 60% with a similar mean length of follow _U p.2,1l, 15 The period during which patients may first need oral steroids appears to be at least 10 years. The period during which they may experience further visual loss or surgery appears to be as much as 18 years. This implies the need for the continued clinical supervision of these patients and emphasises how studies evaluating immunosuppressive and surgical therapy require extensive follow-up if they are to produce clinically relevant results.
Not all the outcomes have such a long time course. The requirement for an additional immunosuppressant to control disease does not appear to increase after 9 years, and there appears to be little risk of developing severe bilateral visual loss after the first 3 years following the onset of uveitis. This suggests that the most aggressive forms of uveitis only occur in the first few years, and posterior segment inflammation developing after this time is more likely to be controlled by steroids alone. The high rate of steroid treatment in sarcoid uveitis is similar to that found in neurosarcoidosis, where Chapelon et al. 1 6 found that 31 of 35 (89%) needed steroids and additional immunosuppression was required in 6 of 35 (17%). The high rates of steroid usage in sarcoid uveitis and neurosarcoid contrast with those used in pulmonary sarcoidosis, where spontaneous resolution is much more frequent and only 15% need oral steroids. 17 The visual prognosis in our study, and more recent studies,14,15 is a little better than found previously. Jabs found only 74% of patients had a visual acuity better than 6/36, Karma found 73% of eyes better than 6/24 and Rothova found 90% of patients better than 6/60,zA, 1 6 We found that 75% retained driving acuity (better than 6/12 in one eye) for at least 12 years. The number with severe bilateral visual loss was less than 5% in our study and 5% and 6% in other recent studies.14,15 Dana et az.15 found that visual loss was strongly associated with delayed referral to a tertiary referral centre, but we could find no differences in outcome between the two centres in this study.
We confirm that visual loss is associated with surgery, raised intraocular pressure and posterior segment disease (inferred from the use of systemic steroids), but found few clear associations with the rate of visual loss apart from age and confirmed that the extent of extraocular disease bore little relation to the presence or severity of the uveitis. The lower rates of severe visual loss in recent studies may be due to the lower rates of glaucoma in these patient populations as much as changes in immunosuppressive treatment, since others have noted the close association between glaucoma and visual loss in this disease. IA We did not study the risk factors for developing uveitis in sarcoidosis but it has been found that non white race, young age at onset, hypercalcaemia and chronic sarcoid elsewhere are associated with developing uveitis.3,18 We found a slight increase in females and in non-whites compared with the local population, but whites and males predominated in those with visual loss.
In our study the commonest new site for sarcoidosis was the central nervous system and there did not appear to be any diminution of risk over at least two decades. Previous studies have noted the association of posterior uveitis and neurosarcoidosis,19,2o but Stavrou et al.14 only found 1 of 40 patients developing neurosarcoid after the onset of uveitis. As neurological rather than pulmonary disease is the major site of new symptoms it would appear to be more appropriate to investigate for occult neurosarcoid rather than pulmonary sarcoid in those patients who are first assessed several years after the onset of uveitis. If patients do not present with pulmonary disease within 2 years of the onset of uveitis they are unlikely to develop it later on. Unfortunately neurosarcoidosis is notoriously difficult to diagnose and consequently the most likely form of the disease to remain undiagnosed pre-mortem.21 A high index of clinical suspicion must be maintained, especially in those patients with visual loss from uveitis with coincident optic neuropathy.
Patients were recruited into this study over a period of 3 years in two centres. There will, therefore, be an excess of patients with persistent disease and a corresponding reduction in those with acute, uncomplicated uveitis. The results compare well with the cohort study of Karma et aZ} suggesting that this recruitment bias is not great. Further cohort studies are required to investigate the course of sarcoid uveitis, but these will require multi-centre collaboration, as the estimated annual incidence of uveitis associated with confirmed extraocular sarcoidosis is 2 per million (unpublished data).
Sarcoid uveitis remains a serious disease and a difficult condition to diagnose definitively. To provide prognostic information for both patients and doctors, it would be justifiable to perform relatively non-invasive investigations such as conjunctival biopsy and serological testing. As clinical disease is most likely to be present in the lungs at presentation and has little chance of developing 2 or more years after the onset of uveitis, then the value of chest radiography -as a diagnostic test -when performed at a later date must be critically evaluated. It is not common practice to screen for asymptomatic pulmonary sarcoidosis in the normal population, nor to screen for neurosarcoidosis in those with known sarcoidosis. It may, therefore, be justifiable to restrict diagnostic testing in uveitis patients to repeated serological examination whilst retaining a high index of suspicion for new symptoms rather than subjecting all those at risk to lung biopsy or radionuclide scanning.
